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Abstract Online learning from video modeling examples, in which a human model
demonstrates and explains how to perform a learning task, is an effective instructional
method that is increasingly used nowadays. However, model characteristics such as gender
tend to differ across videos, and the model-observer similarity hypothesis suggests that
such characteristics may affect learning. Therefore, this study investigated whether the
effectiveness of learning how to solve a probability calculation problem from video
modeling examples would vary as a function of the model’s and observer’s gender. In a 2
(Model: Female/Male) 9 2 (Observer: Female/Male) between-subject design, 167 sec-
ondary education students learned how to solve probability calculation problems by
observing video modeling examples. Results showed no effects of Model or Observer
gender on learning and near transfer. Male students reported higher self-efficacy than
female students. Compared to a female model, observing a male model enhanced perceived
competence more from pretest to posttest, irrespective of observers’ gender. Furthermore,
learning from a male model was less effortful and more enjoyable for male students than
for female students. These results suggest that gender of both model and observer can
matter in terms of affective variables experienced during learning, and that instructional
designers may want to consider this when creating (online) learning environments with
video modeling examples.
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Introduction
Students of all ages and educational levels increasingly watch instructional videos for
informal learning purposes online on websites such as YouTube and Google Videos, but
such videos are also increasingly used in formal learning (Lenhart 2012; Spires et al.
2012). In formal learning, online instructional videos can be consulted while making
homework, or can replace activities that normally took place face to face. For instance,
some educators have even argued in favor of a ‘‘flipped classroom’’, which entails having
learners study videos at home to free up time in school for practice and teacher support
(Bergmann and Sams 2012). Various types of videos are used for both informal and formal
learning purposes, such as web lectures (e.g., Day and Foley 2006; Traphagan et al. 2010),
short knowledge clips (e.g., Day 2008), and how-to demonstration videos (e.g., Ayres et al.
2009). Regarding the latter, research inspired by social-cognitive theories such as social
learning theory (Bandura 1977, 1986) and cognitive apprenticeship (Collins et al. 1989)
has demonstrated the effectiveness of acquiring problem-solving skills from these so-called
video modeling examples in which a (human) model explains and/or demonstrates how to
perform a task on video (e.g., Groenendijk et al. 2013a, b; Hoogerheide et al. 2014; Van
Gog et al. 2014). In addition to being effective for acquiring cognitive skills, observing
video modeling examples has also been shown to enhance affective variables, such as
students’ belief in their own ability to perform the modeled task at a certain level (i.e., self-
efficacy; Bandura 1997; Schunk 1987).
When creating a video modeling example, an instructional designer is confronted with
various design choices, which might affect learning, both cognitively as well as affectively.
For instance, should the video present a natural task performance procedure, which might
entail making and correcting errors (e.g., Groenendijk et al. 2013a; b), or a more didactical
procedure that reflects how a student should ideally learn the skill (e.g., Hoogerheide et al.
2014; Simon and Werner 1996; Van Gog et al. 2014)? Another design consideration is
whether the model should be (partly) visible in the video while explaining the task (e.g.,
Hoogerheide et al. 2014; Van Gog et al. 2014; Xeroulis et al. 2007), or whether only the
model’s computer screen should be shown (e.g., McLaren et al. 2008; Van Gog 2011; Van
Gog et al. 2009). If a form is chosen in which the model is visible, the question arises who
the model should be in terms of expertise, age, background, and gender.
Because the widespread use of online video modeling examples is relatively recent,
there is as of yet little empirical knowledge available to guide design choices. Recent
studies have started to uncover effects of different ways of presenting the content in video
modeling examples (e.g., to which degree the model should be visible; Hoogerheide et al.
2014; Van Gog et al. 2014). Potential effects of model characteristics that are unrelated to
how the learning task is presented, such as gender, on the learning process and learning
outcomes, have received little attention in recent research on video modeling examples.
However, earlier research inspired by the model-observer similarity hypothesis (Schunk
1987, 1991), as well as recent research on pedagogical agents (e.g., Baylor and Kim 2004;
Ozogul et al. 2013), suggests that similarity in factors such as gender may matter. Building
on these findings, which will be reviewed below, the present study examined whether the
effectiveness and efficiency of video modeling examples can vary as a function of the
observer’s and model’s gender.
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Model-observer similarity
The model-observer similarity hypothesis (Schunk 1987, 1991; see also the similarity-
attraction hypothesis; Moreno and Flowerday 2006) states that model characteristics can
matter when learning from modeling examples because the effectiveness of modeling is at
least partly moderated by the degree to which observers perceive a model to be similar to
them. Modeling evokes social comparison (Berger 1977; Johnson and Lammers 2012) and
observing a model that successfully performs a task may lead observers to believe that they
can perform the task as well, if they identify with the model (Bandura 1981; Schunk 1984).
Moreover, an observer may be more attracted to and pay more attention to a model that is
perceived as similar (Berscheid and Walster 1969).
As Schunk (1987) noted, ‘‘similarity serves as an important source of information for
gauging behavioural appropriateness, formulating outcome expectations, and assessing
one’s self-efficacy for learning or performing tasks’’ (p. 149). It is likely that particularly
novice learners whose prior knowledge as well as self-efficacy and perceived competence
are still low, are affected by model-observer similarity, as they are especially likely to
engage in social comparison (Buunk et al. 2003). In other words, the higher the degree of
similarity between observer and model, particularly when the observer is novice to the task
at hand, the more cognitive outcomes of learning (e.g., performing the same or novel tasks)
and affective aspects of the learning process (e.g., self-efficacy, perceived competence)
may be enhanced.
With respect to those affective variables, self-efficacy is important because it influences
factors such as academic motivation, study behaviour, and learning outcomes (Bandura
1997; Bong and Skaalvik 2003; Schunk 2001). Similarly, perceived competence, which is
a related construct that reflects broader perceptions and knowledge (Bong and Skaalvik
2003; Hughes et al. 2011; Klassen and Usher 2010), also affects academic motivation and
learning outcomes (Bong and Skaalvik 2003; Harter 1990; Ma and Kishor 1997). More-
over, when students’ confidence in their own capabilities increases, they tend to use more
cognitive and metacognitive strategies irrespective of previous achievement or ability
(Pajares 2006) and the willingness to invest mental effort in a task changes as well
(Bandura 1977; Salomon 1983, 1984).
Gender can perhaps be expected to be the most important factor of model-observer
similarity because gender is among the first things being noticed when interacting with
others (Contreras et al. 2013). Schunk (1987), however, reported mixed results on both
learning outcomes and self-efficacy in his review, and suggested that one possible
explanation for these mixed findings might lie in the appropriateness of the modelled
behaviour: students’ beliefs that a skill or behaviour is more appropriate for one of the
genders may moderate effects of gender similarity. This might explain why Bandura et al.
(1963) and Hicks (1965) found that for boys, observing a male model displaying
aggressive behaviour towards a doll led to more imitative aggression than observing a
female model. In contrast, no such effects were found for grade 4–6 students who observed
a male or female model solving fraction problems (Schunk et al. 1987). Although math-
ematical tasks are typically more associated with males than females (Forgasz et al. 2004;
Stewart-Williams 2002), young children do not yet seem to hold this association, which
becomes stronger during adolescence (Steffens et al. 2010; see also Ceci et al. 2014). In
other words, the 10 year olds in the study by Schunk et al. (1987) may have been too young
to associate a mathematical task with gender.
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More recent studies also suggest mixed findings, however. Surprisingly in light of the
above, a study with university students learning probability calculation with dynamic
visualizations accompanied by a male or female model’s narration showed that a female
model was preferred and led to better learning outcomes than a male model (Linek et al.
2010). However, findings of Rodicio (2012) and Lee et al. (2007) suggest the opposite,
namely that male narrations should be preferred. More specifically, Rodicio (2012) found
that university students learned more about geology from dynamic visualizations with a
male voice-over than a female voice-over, and Lee et al. (2007) found that for male
students, a male computer-generated voice was more positively evaluated, trusted, and led
to higher confidence levels than a female computer-generated voice. Note though, that in
these studies, the model was not visible and therefore the cues available to make a social
comparison may have been less strong compared to video modeling examples with a
visible model (Hoogerheide et al. 2014).
Several animated pedagogical agent studies, in which a cartoon-like (humanoid) agent
functions as a model or teacher, did show a preference for male agents, particularly for
tasks that may be believed to be more appropriate for men. For instance, Moreno (2002)
found that university students’ knowledge about blood pressure was enhanced more after
interacting with a male agent than a female agent. Arroyo et al. (2009) found that for
secondary education and university students, a male agent led to more positive attitudes
about mathematics and better learning outcomes. Furthermore, a study in educational
technology found that male agents were evaluated as more interesting, intelligent, useful,
and satisfactory than female agents (Baylor and Kim 2004). However, other research has
shown that when learning an engineering task, often considered a stereotypically male
domain in Western countries, interacting with a female model decreased women’s beliefs
about engineering stereotypes compared to interacting with a male agent (Rosenberg-Kima
et al. 2008). Moreover, when given the choice, students tend to select an agent of the same
gender (Ozogul et al. 2013).
In sum, the model-observer similarity hypothesis suggests that if one observes a same-
gender model, affective and cognitive aspects of learning are more enhanced. More recent
studies, particularly those with animated pedagogical agents, seem to suggest however, that
for tasks that are more appropriate for males, male agents are preferred over female ones.
Therefore, when it comes to video modeling examples, it is still an open question how
gender affects learning.
The present study
The present study investigated whether it is more effective for male and female secondary
education students to study video modeling examples depicting a same-gender model
explaining and demonstrating a math task in terms of cognitive aspects of learning (i.e.,
learning and near transfer) and motivational aspects of learning (i.e., self-efficacy and
perceived competence). In addition, the study measured cognitive load (i.e., effort
investment) during the learning and test phase to investigate effects on the learning process
and explored effects on judgment of learning accuracy and instruction evaluation. Female
and male secondary education students learned how to solve probability calculation
problems with replacement and order important by watching a video modeling example in
which either a male (see Fig. 1) or a female (see Fig. 2) model explained and demonstrated
the task. Both were instructed to wear a neutral, black t-shirt, and participated in an
extensive practice training session to ensure that they showed the same behaviour
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throughout the video (e.g., identical movements and gestures). An autocue was used to
guarantee that the models gave the same explanation and spent the same amount of time on
the steps shown in the video (and consequently on the video as a whole). After sufficient
practice (as judged by the first author who was present at all times), the definitive
recordings were created. Moreover, other factors that might affect perceived similarity
were kept constant across conditions by selecting a young adult male and female Caucasian
model (the majority of our participant population was Caucasian), who had a comparable
educational background and were both in their early twenties. Therefore, we could be
confident that effects (if any) would not be caused by differences in the content that was
being presented.’’
We firstly hypothesized that for male and female secondary education students who
have little if any knowledge of solving probability calculation problems, it would be
effective to study video modeling examples with both a male and female model, because
research has consistently shown that example-based learning is very effective and efficient
for novice learners (Atkinson et al. 2000; Renkl 2014; Sweller et al. 2011; Van Gog and
Rummel 2010).1 Thus, we expected high pretest to posttest performance gains (Hypothesis
1a) attained with a low to medium amount of effort investment during example study
(Hypothesis 1b), while the amount of mental effort required to solve the test problems
would decrease (Hypothesis 1c). Students’ self-efficacy and perceived competence were
also expected to increase from pretest to posttest (Hypothesis 1d), since observing a model
successfully explain and demonstrate a task has been shown to positively affect novices’
confidence in their own abilities (Bandura 1981; Hoogerheide et al. 2014; Schunk 1984).
The more interesting and open question was whether model-observer similarity would
have an effect on cognitive and affective variables. In other words, would male and female
students differ in the degree to which learning and transfer (Question 2a) and self-efficacy
Fig. 1 Female model
Fig. 2 Male model
1 Note that for students who have some prior knowledge of solving probability calculation problems,
examples would lose their effectiveness or may even start to hamper learning compared to practice problem
solving (Kalyuga et al. 2001; this is an example of the expertise-reversal effect; see Kalyuga et al. 2003;
Kalyuga and Renkl 2010).
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and perceived competence (Question 2d) would be enhanced, mental effort invested in the
test reduced (Question 2c), and in the degree that students invest mental effort during
example study (Question 2b), depending on whether they observed a video modeling
example that presented a male or a female model? Based on the model-observer similarity
hypothesis, we could expect novice learners to identify more with a same-gender model
relative to an opposite-gender one and therefore show cognitive and affective benefits
when learning from a same-gender model (Schunk 1987). However, based on research with
animated pedagogical agents (e.g., Arroyo et al. 2009; Moreno et al. 2002) and dynamic
visualizations with a voice-over (Lee et al. 2007; Rodicio 2012), we might expect that
novices benefit more from a male model than a female model because mathematical tasks
are associated more with males than females (Forgasz et al. 2004; Stewart-Williams 2002).
Moreover, because the confidence that learners have in their own capabilities is associated
with how much effort they invest (Bandura 1977; Salomon 1983, 1984), differences in
perceived capabilities across conditions could affect how much mental effort students
invest during example study.
Because enhanced confidence can also be a negative outcome if it leads to overconfi-
dence, which can be detrimental to students’ regulation of their learning process (Dunlosky
and Rawson 2012; Rhodes and Tauber 2011; Thiede et al. 2003), we instructed participants
to predict their performance on the posttest. This judgment of learning was then matched to
their actual performance to explore whether students’ judgment of learning accuracy would
depend on the gender of the model (Question 3). Because an increase in confidence leads to
using more cognitive and metacognitive strategies (Pajares 2006), differences might
especially arise if students differ in their self-efficacy and perceived competence depending
on the model’s gender.
Previous research has shown that instruction evaluation measures such as learning
enjoyment may vary depending on the form of example-based instruction (Hoogerheide
et al. 2014; see also Liew et al. 2013), and therefore we also explored effects on learning
enjoyment and willingness to receive similar instruction in the future (Question 4) because
these can be important indicators for the use of online examples during future self-study
(Yi and Hwang 2003). Differences on these instruction evaluation measures might espe-
cially be dependent on whether there are differences in effort investment during example
study because when practice effort decreases, enjoyment of practice may increase
(Hyllegard and Bories 2009).
Method
Participants and design
The experiment had a 2 9 2 design, with Gender Model (Male vs. Female) and Gender
Observer (Male vs. Female) as between-subject factors. Participants were 167 predomi-
nantly Caucasian secondary education students (Mage = 13.50, SD = 0.59; 80 male, 87
female) in their second year of general secondary education, which is the second highest
level of secondary education in The Netherlands and has a total duration of 5 years. The
students were randomly allocated to a female model (38 girls, 43 boys) or a male model
(42 boys, 44 girls) condition. The experiment was conducted at a point in time at which
probability calculation had not yet been taught in the curriculum.
74 V. Hoogerheide et al.
123
Materials
All materials were presented using Qualtrics, which is a web-based survey software tool
platform (http://www.qualtrics.com).
Video modeling example
Two video modeling examples were created, one with a female model (see Fig. 1) and one with
a male model (see Fig. 2). Both models used the same example to address how one would
ideally solve a probability calculation problem without replacement and with order important
(i.e., an ideal procedure). The problem-state of this example was as follows: ‘‘The scouting staff
brings 4 coloured balls for the cub scouts to play with. There is a red ball, a blue ball, a yellow
ball, and a green ball. The cub scouts get to choose a ball one by one and prefer every colour
equally. What is the chance that the red ball gets picked first and the green ball second?’’ The
example then explained step-by-step how to solve this problem and briefly addressed what
would happen in case it was an example of a probability calculation with replacement.
Both models were in their twenties, Caucasian, and wore a black neutral outfit while sitting
behind a desk with the learning materials placed on the desk (i.e., the 4 different coloured balls
and a platter; see Figs. 1 and 2). An autocue was used to guarantee that the models gave the same
explanation and spent the same amount of time on the steps shown in the video (and consequently
on the video as a whole). After sufficient practice, the definitive recordings were created. At the
beginning of the video, all four items rested inside a platter. While explaining the models
interacted with the learning materials to illustrate the problem-solving steps. For example, while
explaining the first event—the chance that the red ball is picked first—both models picked up the
red ball and held it in the air, after which they placed the red ball at the side of the platter.
Pretest and posttest
Two test versions were created that both consisted of six probability calculation problems.
Within each test, four items measured learning (i.e., applying what has been learned to new
tasks of the same type that have the same structural features but differ in surface features;
solution procedures: 1/4 9 1/3 = 1/12, 1/11 9 1/10 = 1/110, 1/6 9 1/5 9 1/4 = 1/120,
and 1/8 9 1/7 9 1/6 9 1/5 = 1/1680) and two near transfer (i.e., applying what has been
learned to new tasks of the same type that differ partly in structural features and differ in
surface features; solution procedures: 1/6 9 1/6 = 1/36, 1/5 9 1/5 = 1/25). All problems
required participants to fill in the correct answer and calculation. For example, one problem
provided the following problem-state: ‘‘On a cold Sunday, a fisherman catches all the fish
at from a small lake, one at a time. There are four fish swimming in the lake: a perch, a
bream, a pike, and an eel. What is the chance that the bream is caught first, and the pike
caught second?’’ The correct answer would be 1/4 9 1/3 = 1/12. The two test versions
were parallel to each other, that is, the problems were structurally equivalent across both
tests, but they differed in surface features (i.e., cover stories). The internal consistency
(Cronbach’s alpha) of the pretest was .775 and of the posttest it was .741.
Mental effort
Effort investment was measured after every test item on the pretest and posttest and after
watching the video modeling example using the subjective rating scale of Paas (1992),
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which asks participants to indicate the effort they invested on a 9-point scale that ranges
from (1) very, very low effort to (9) very, very high effort.
Self-efficacy and perceived competence
Self-efficacy was measured by asking participants to indicate on a 9-point scale, ranging
from (1) very, very unconfident to (9) very, very confident, to what degree they believed
that they mastered the skill probability calculation. This measure was adopted from
Hoogerheide et al. (2014) and the phrasing of the questions is similar to Bandura (2006).
To measure perceived competence, an adapted version of the scale by Williams and Deci
(1996) was used. This scale consists of four items and asks participants to indicate to what
degree the item applies to them, on a scale of 1 (not at all true) to 7 (very true). The item ‘‘I
am able to achieve my goals in this course’’ was removed because this question did not
apply to the present experiment, leaving the following three items: ‘‘I feel confident in my
ability to learn this material’’, ‘‘I am capable of learning the material in this course’’, and ‘‘I
feel able to meet the challenge of performing well in this course’’. The word ‘‘course’’ was
rephrased to ‘‘probability calculation problems’’.
Judgment of learning
To measure judgment of learning, participants were asked on a scale of 0 to 6 to indicate
how many probability calculation problems they expected to answer correctly if presented
with a test.
Instruction evaluation
To investigate how participants experienced the video modeling example, they were asked
after observing the video modeling example to indicate how enjoyable watching the video
was and to what degree they would prefer to receive similar instruction in the future on a
scale of 0 (lowest) to 10 (highest).
Procedure
The session took place at the computer lab of participants’ school (ca. 45 min.). Before
participants arrived, A4-papers were distributed over the computer lab containing the name
of participants and a link to the Qualtrics questionnaire. This questionnaire presented 4
‘question blocks’. Prior to each question block, participants received a plenary verbal
instruction, after which they completed that specific question block. Question block 1
asked participants to fill in a general demographic questionnaire for which they received
90 s. Question block 2 contained the pretest (6 probability calculation problems and mental
effort ratings), for which participants were instructed to not only write down their answer,
but also the calculation. The remainder of question block 2 presented questions to measure
self-efficacy and perceived competence. Question block 3 presented the video example (a
YouTube video embedded in Qualtrics) followed by a mental effort rating and the
instruction evaluation questions (i.e., learning enjoyment and willingness to receive similar
instruction). Lastly, question block 4 first presented self-efficacy, perceived competence,
and judgment of learning questions, followed by the posttest, which consisted of six
probability calculation problems and mental effort ratings. Those that received version A
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as the pretest now received version B as the posttest, and those that received B as the
pretest now received version A.
Data analysis
A maximum of 8 points could be earned on both tests for the problems that measured
learning, and a maximum of 4 for the problems that measured near transfer. Participants
could earn 2 points per probability calculation problem: 1 point for a correct answer (0.5
for a partially correct answer; 0 for an incorrect or missing answer) and 1 point for the
correct calculation (0 for an incorrect calculation). Both points were granted if participants
wrote down the correct answer.
Averages were computed for participants’ invested mental effort in completing the
learning and near transfer test items, as well as the three items that measured perceived
competence, on the pretest and posttest separately. We then computed a measure of
judgment of learning accuracy by multiplying participants’ judgment of learning (i.e., how
many of the 6 problems participants predicted to correctly solve) by two and subsequently
subtracting their actual test performance (range -12 to ?12).
Four participants were removed from all analyses because of technical issues during the
experiment (one participant) or too high prior knowledge as indicated by a total attained
score greater than 50 % on the pretest (three participants). This left 163 participants in
total, of which 87 observed a female model (43 female students, 44 male students) and 76 a
male model (38 female students, 38 male students). One male student who observed a male
model was removed from all test performance analyses and mental effort analysis (ex-
cluding invested mental effort in learning the video content) because he had to leave the
experiment shortly after he started working on the posttest.
Results
The test performance and invested mental effort scores can be found in Table 1, the self-
efficacy, perceived competence, and judgment of learning (accuracy) scores in Table 2,
and the instruction evaluation ratings in Table 3.
Test performance
We tested Hypothesis 1a and Question 2a using a mixed ANOVA, with Test Moment
(Pretest, Posttest) as within-subject factor and Gender Model (Female, Male) and Gender
Observer (Female, Male) as between-subject factors. The scores obtained on the test items
that measured learning showed a significant main effect of Test Moment, F(1,
158) = 658.79, p\ .001, gp
2 = .807. Participants performed significantly better on the
Posttest (M = 5.56, SD = 2.55) than on the Pretest (M = 0.30, SD = 0.64). There was no
main effect of Gender Model, F(1, 158) = 1.71, p = .192, nor of Gender Observer, F\ 1.
No other interaction effects were significant, Fs\ 1. With regard to near transfer, the main
effect of Test Moment was significant, F(1, 158) = 154.96, p\ .001, gp
2 = .495. Per-
formance was significantly higher on the Posttest (M = 1.85, SD = 1.66) than on the
Pretest (M = 0.28, SD = 0.54). The main effects of Gender Model and Gender Observer
were not significant, Fs\ 1. Furthermore, no other interaction effects were found (Fs\ 1;
Test Moment and Gender Observer, F(1, 158) = 3.15, p = .116).
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Table 1 Mean (SD) of learning (range 0–12) and near transfer (range 0–4) scores and mental effort (range
1–9) per condition









Test scores learning pretest 0.74 (1.52) 0.41 (0.68) 0.31 (0.57) 0.12 (0.45)
Test scores learning
posttest
5.65 (2.69) 5.28 (2.59) 5.89 (2.35) 5.38 (2.67)
Test scores near transfer
pretest
0.51 (1.00) 0.43 (0.47) 0.14 (0.25) 0.26 (0.73)
Test scores near transfer
posttest
1.80 (1.70) 1.70 (1.63) 2.03 (1.77) 1.87 (1.59)
Mental effort learning
pretest
4.82 (1.92) 5.08 (2.03) 4.95 (1.93) 5.05 (1.85)
Mental effort learning
posttest
3.27 (1.51) 3.64 (1.78) 3.77 (1.26) 3.95 (1.45)
Mental effort near transfer
pretest
5.28 (2.02) 5.24 (2.27) 4.97 (2.08) 4.92 (2.14)
Mental effort near transfer
posttest
3.25 (1.79) 3.67 (1.90) 3.68 (1.46) 3.67 (1.68)
Mental effort during
example study
2.12 (1.27) 2.97 (1.72) 3.11 (1.69) 2.77 (1.41)
Table 2 Mean (SD) of self-efficacy (range 1–9) and perceived competence (range 1–7) scores and judg-
ment of learning (range 0–8) and judgment of learning accuracy (range -12 to 12) per condition
Male observer Female observer
Male model Female model Male model Female model
Self-efficacy pretest 4.57 (2.06) 4.32 (2.03) 3.73 (1.88) 3.49 (1.75)
Self-efficacy posttest 6.12 (1.37) 5.87 (1.28) 5.39 (1.19) 5.28 (1.52)
Perceived competence pretest 3.67 (1.33) 3.63 (1.52) 3.06 (1.43) 3.29 (1.54)
Perceived competence posttest 5.30 (1.06) 4.72 (1.21) 4.79 (1.25) 4.63 (1.49)
Judgment of learning 4.12 (1.21) 4.05 (1.06) 3.70 (0.98) 3.86 (1.25)
Judgment of learning accuracy 0.79 (3.81) 1.13 (4.51) -0.51 (3.56) 0.47 (3.75)
Table 3 Mean (SD) of learning enjoyment and willingness to receive similar instruction (ranges 0–10)
scores per condition
Male observer Female observer
Male model Female model Male model Female model
Learning enjoyment 5.36 (2.50) 4.47 (2.46) 4.36 (2.27) 4.98 (2.74)
Willingness to receive similar instruction 6.98 (2.63) 6.18 (2.74) 5.82 (2.45) 6.51 (2.72)
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Mental effort
We tested Hypothesis 1b and Question 2b via a 2 9 2 ANOVA with Gender Model
(Female, Male) and Gender Observer (Female, Male) as between-subject factors. There
was no significant main effect of Gender Model on the invested mental effort during
example study, F\ 1, nor of Gender Observer, F(1, 159) = 1.93, p = .167. The inter-
action effect between Gender Model and Gender Observer was significant, F(1,
159) = 5.03, p = .026, gp
2 = .031. To explore this interaction effect, we firstly compared
the effects of Model Gender for each Observer Gender condition separately. There was
only an effect of Model Gender for male students: it was less effortful for them to study an
example by a male (M = 2.24, SD = 1.28) than a female model (M = 2.97, SD = 1.72),
t(74) = 2.12, p = .037, d = 0.486 (medium effect; Cohen 1988). Secondly, we compared
the effects of Observer Gender for each Model Gender separately. There was only an effect
of Observer Gender for male model: observing a male model was more effortful for female
students (M = 3.11, SD = 1.69) than male students (M = 2.24, SD = 1.28), t(80) = 2.62,
p = .011, d = 0.585 (medium effect; Cohen 1988).
A mixed ANOVA with Test Moment (Pretest, Posttest) as within-subject factor and
Gender Model (Female, Male) and Gender Observer (Female, Male) as between-subject
factors was used to test Hypothesis 1c and Question 2c. The results showed a main effect of
Test Moment on invested mental effort in completing the probability calculation problems
that measured learning, F(1, 158) = 75.90, p\ .001, gp
2 = .325. Participants invested less
effort to complete the problems that measured learning on the Posttest (M = 3.71,
SD = 1.49) than on the Pretest (M = 5.04, SD = 1.90). There were no main effects of
Gender Model and Gender Observer, Fs\ 1. None of the interaction effects were sig-
nificant (Fs\ 1; Test Moment and Gender Observer, F(1, 158) = 1.65, p = .201).
For the average mental effort invested in completing the near transfer problems on the
tests, a main effect of Test Moment was found, F(1, 158) = 84.24, p\ .001, gp
2 = .348.
Again, participants invested less effort to complete the near transfer problems on the
Posttest (M = 3.60, SD = 1.69) than on the Pretest (M = 5.18, SD = 2.10). There were
no main effects of Gender Model and Gender Observer, nor were there significant inter-
action effects, Fs\ 1.
Self-efficacy and perceived competence
Hypothesis 1d and Question 2d were tested using a mixed ANOVA with Test Moment
(Pretest, Posttest) as within-subject factor and Gender Model (Female, Male) and Gender
Observer (Female, Male) as between-subject factors. There was a main effect of Test
Moment, F(1, 159) = 113.26, p\ .001, gp
2 = .416. Participants showed higher confidence
in their abilities on the posttest (M = 5.60, SD = 1.35) than on the pretest (M = 3.96,
SD = 1.96). There was no main effect of Gender Model, F\ 1, but there was a main
effect of Gender Observer, F(1, 159) = 10.16, p = .002, gp
2 = .060, showing that male
students (M = 5.14, SE = 0.15) were significantly more confident in their own abilities
than female students (M = 4.47, SE = 0.14). None of the interaction effects were sig-
nificant, Fs\ 1. With regards to perceived competence, a main effect was found of Test
Moment, F(1, 159) = 191.72, p\ .001, gp
2 = .547. Participants perceived their compe-
tence to be higher on the posttest (M = 4.82, SD = 1.27) than on the pretest (M = 3.37,
SD = 1.46). There was no main effect of Gender Model, F\ 1, nor of Gender Observer,
F(1, 159) = 3.14, p = .078. There was no interaction between Gender Model and Gender
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Observer, F\ 1. The interaction between Test Moment and Gender Model was significant,
F(1, 159) = 4.81, p = .030, gp
2 = .029. A closer look at the data showed that observing a
male model enhanced perceived competence more from pretest (M = 3.32, SE = 0.16) to
posttest (M = 4.98, SE = 0.14), than observing a female model enhanced perceived
competence improvement from pretest (M = 3.46, SE = 0.16) to posttest (M = 4.67,
SE = 0.14). No other interaction was significant, Fs\ 1.
Judgment of learning
We tested Question 3 via a 2 9 2 ANOVA with Gender Model (Female, Male) and Gender
Observer (Female, Male) as between-subject factors. On the judgment of learning scores,
there was no main effect of Gender Model, F\ 1, nor of Gender Observer, F(1,
159) = 1.90, p = .170. The interaction between Gender Model and Gender Observer was
not significant either, F\ 1. With respect to the accuracy of the judgments of learning, no
main effect of Gender Model was found, F(1, 159) = 1.47, p = .227, nor of Gender
Observer, F(1, 159) = 2.21, p = 1.39. There was no significant interaction either, F\ 1.
One sample t-tests showed that for all four combinations of the 2 9 2 design, judgment of
learning accuracy was not statistically different from zero, ts[ .10, indicating that male
and female students were highly accurate in predicting their performance.
Instruction evaluation
The 2 (Gender Model: male, female) 9 2 (Gender Observer: male, female) ANOVA on
how enjoyable watching the video examples was (Question 4) showed no main effects of
Gender Model and Gender Observer, Fs\ 1. There was, however, a significant interaction
effect between Gender Model and Gender Observer, F(1, 159) = 4.27, p = .040,
gp
2 = .026. To explore this interaction effect, we firstly examined the effects of Model
Gender for each Observer Gender condition separately, but none of the effects were
significant. However, when the effects of Observer Gender were compared for each Model
Gender separately, it was found that learning from a male model was significantly more
enjoyable for male students (M = 5.47, SD = 2.45) than for female students (M = 4.46,
SD = 2.27), t(80) = 2.13, p = .036, d = 0.428 (medium effect; Cohen 1988).
With respect to the degree to which participants preferred to receive instruction in a
similar manner in the future, the same pattern of results was found as on the learning
enjoyment question. Again, we found no main effect of Gender Model, F\ 1, nor of
Gender Observer, F(1, 159) = 1.45, p = .230, but there was a significant interaction
between Gender Model and Gender Observer, F(1, 159) = 4.02, p = .047, gp
2 = .025.
When investigating the effects of Model Gender for each Observer Gender condition
separately, no effects were found, but when we compared the effects of Observer Gender
for each Model Gender separately, it was found that observing a male model caused male
students (M = 7.13, SD = 2.51) to be significantly more positive about receiving similar
instruction in the future than female students (M = 5.82, SD = 2.45), t(80) = 2.39,
p = .019, d = 0.528 (medium effect; Cohen 1988).
Correlations were computed between the invested mental effort ratings for learning the
video content and the two instruction evaluation questions because these constructs showed
a very similar pattern of results (i.e., significant interaction effects showing a very similar
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pattern). Surprisingly, effort invested in learning did not significantly correlate with how
enjoyable watching the videos was, r = -0.17, p = .831, nor with the degree to which
participants preferred to receive similar instruction in the future, r = -0.10, p = .204.
Discussion
This experiment investigated whether it would be more effective for secondary education
students to study a video modeling example in which it was demonstrated how a math
problem should be solved, with a same-gender model than an opposite gender model, as
the model-observer similarity hypothesis would predict (Schunk 1987, 1991). With respect
to cognitive aspects of learning, the results showed that, as expected, example study was
effective for fostering learning and near transfer (i.e., high gains from pretest to posttest;
Hypothesis 1a), regardless of the model’s or the observer’s gender. That is, gender did not
affect the degree to which students improved their performance (Question 2a).
As one would expect, given the knowledge gains, the amount of mental effort students
had to invest in solving the probability calculation problems decreased from pretest to
posttest (Hypothesis 1c), and this effort reduction was not affected by gender either
(Question 2c). In accordance with Hypothesis 1b, students invested a low/medium degree
of effort during example study. There were, however, differences in the effort invested
during example study as a function of model/observer gender (Question 2b). For male
students it was less effortful to study a male model than a female model and observing a
male model was less effortful for male students than female students (both medium effect
sizes). This indicates that the learning process was more efficient for male students who
observed a male model compared to female students and compared to male students
observing a female model (see Van Gog and Paas 2008, for a discussion of efficiency in
terms of the relation between mental effort and performance).
The affective variables of self-efficacy and perceived competence, both of which have
been associated with better learning outcomes (Bandura 1997; Bong and Skaalvik 2003;
Harter 1990; Ma and Kishor 1997; Schunk 2001), were also enhanced from pretest to
posttest (Hypothesis 1d), although no effect of model-observer similarity was found
(Question 2d). Male students did show higher self-efficacy than female students, which
was, however, not associated with higher learning outcomes. This may be a consequence of
the stereotypical perception that males are more competent in math than female students
(Steffens et al. 2010), particularly among older students (Ceci et al. 2014), although
typically very few, if any, actual performance differences are found between the genders
(Hyde et al. 1990, 2008). Although the findings on perceived confidence combined with
performance suggest that male students may have overestimated their performance, the
judgment of learning accuracy results show that gender did not affect how accurate par-
ticipants were at judging their own skills (Question 3). The stereotype that males are better
than females at math could also explain why observing a male model enhanced perceived
competence more from pretest to posttest than observing a female model, for both male
and female students. Perhaps all students saw the male model as more of an expert than the
female model (despite the fact that the content of the examples was fully identical) at this
stereotypically male task. This is in line with findings on the effectiveness of animated
pedagogical agents (e.g., Arroyo et al. 2009; Moreno et al. 2002).
We also found gender effects on both learning enjoyment and willingness to receive
similar instruction in the future (Question 4), which may be indicators of how students
might use such examples during future self-study online (Yi and Hwang 2003). Results
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showed that studying a male model was more enjoyable for male students than female
students and caused male students to be more positive about receiving similar instruction in
the future than female students (both medium effects). While at first sight the pattern on the
instruction evaluation questions and invested mental effort during learning appear iden-
tical, these measures did not correlate, indicating separate effects.
In sum, our results suggest that the gender of the model in video examples does not
affect learning outcomes, but may influence affective aspects of learning. Notably, our
study kept the content of the example videos entirely equal across conditions, so these
effects only result from the differences in models. Effects on affective variables are
important as these might influence students’ self-study behaviour. So with video modeling
examples being increasingly used in online learning environments, as they have become
much easier to create and share, instructional designers creating such environments may
want to consider the effects of model gender on male and female students’ affect. Given
that learning outcomes did not differ, but perceived competence was higher for students
who studied a male video model, educational practitioners could give preference to
designing and using video modeling examples with a male model when students learn a
task that is associated more with males than females. However, given that students’ gender
interacted with the gender of the models on the evaluation of the instruction and on
invested mental effort during example study, it is likely more advisable to create both a
male and a female model version with identical content. These videos could be distributed
to the learners via either an adaptive system that allocates students a male or female model
depending on their own gender, or by allowing students to choose the model they want to
learn from. The latter would have the added benefit of giving students an extra opportunity
of regulating their own study behaviour, which should increase feelings of autonomy and
thereby possibly raise their motivation and self-efficacy (Bandura 2001; Behrend and
Thompson 2012; Clark and Mayer 2011; Ryan and Deci 2000). A similar argument has
previously been made in the animated pedagogical agent literature (Ozogul et al. 2013).
Because the gender of the model in a video modeling example does not seem to affect
students’ test performance, there seems to be no harm in providing students with the
opportunity to choose the gender of their model, although future research should first
examine whether our findings are replicated using tasks from other domains and over
longer study periods.
Given that we used a single example, future research should also explore effects of the
model’s gender in relation to students’ gender with multiple models to investigate whether
the effects on affective variables would become stronger or weaker over time and if they
would become stronger, whether they start to influence learning outcomes over time. It
would also be interesting to compare effects of a set of examples by multiple male or
female models to a mixed set of examples by male and female models.
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